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But);  A 15  and  B1  structure  superconductors  with  nearly  optimum 
critical  temperatures  were  prepared  w  ith  a  range  of  grain  sires  down  to 
the  coherence  length.  In  Bl  compounds  high  critical  current  densities  at 
high  fields  were  obtained  due  to  very  large  critical  fields  arising  from 
a  column-void  m i c restructure .  Critical  current  data  at  low  fields  demon - 
strated  that  grain  boundaries  arc  not,  invariably,  efficient  pinning 
sites,  bxtremely  enhanced  current  densities  were  measured  (inly  in  super¬ 
conductors  v B 1 A  whoso  cross-sectional  areas  were  made  similar  in  size  to 
a  single  vortex.  No  increase  in  critical  temperature,  which  could  be 
attri’aited  to  reduced  grain  sizes,  was  found.  Reversible  st'viin  proper¬ 
ties  of  Bl  compounds  were  shown  to  he  superior  to  those  of  the  MB’s.  In 
both  Ms  and  Bl  compounds  the  reversible  properties  were  independent  of 
microstructure  .  However,  a  strong  effect  of  microstructure  on  i  rrevers  i  '■■■  1  > 
strain  properties  was  found.  The  importance  of  impurities,  particularly 
oxygen,  in  the  growth  of  h igh-cri t ica I -temperature  supercoruluc t o rs  wa> 
demonstrated  and  hypotheses  were  pniposed,  to  explain  the  role  of  those 
impurities.  Several  other  auxiliary  topics  involving  h igh-cri t ica  I  - 
tempi rature  superconductors  were  also  investigated. 


OB.! [:.C  I  i  VI. S 


The  objectives  of  the  19“S-1‘)SJ  U'estinghouse-AroSR  program , 
briefly  stated,  were: 

1.  To  investigate  the  mechanism  of  cri t ical -current 

density,  .1  ,  enhancement  in  ul  traf  ine-grai  ned  high- 
c 

T  sur erconductors . 
c 

2.  To  investigate  the  preparation  of  u 1 t raf i ne-gra i ned 
microstructures  in  A1S  and  B1  superconduc tors . 

3.  To  determine  the  effect  on  critical  temperature  T_ 
of  variations  in  grain  sice  in  A 13  and  R!  supercon¬ 
ductors  . 

4.  To  correlate  mechanical  load  properties  and  micro¬ 
structures  . 

In  addition,  a  general  objective  w.«s  to  try  to  advance  the  un 
derstanding  of  high-T^  superconductors.  Results  obtained  with  this 
latter  objective  in  mind,  which  do  not  fall  under  the  specific  headings 
listed  above,  are  summarized  in  Section  4.3  under  the  general  heading  o 
"Other  Topics."  In  each  case  more  detailed  discussions  can  he  found  in 
the  publications  which  arc  listed  in  Section  3. 
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4.  ACCOMPLISHMENTS 


l.l  The  Enhancement  of  .lc 

In  this  program,  much  of  the  research  was  focussed  on  the  in¬ 
vestigation  of  the  effect  on  J  stemming  from  the  formation  of  ultrafine¬ 
grained  microstructures.  Since  microstructure  can  also  influence  the 
upper  critical  field  which  can  in  turn  exert  a  strong  influence  on 

,1  _ ,  the  effect  of  microstructure  on  this  parameter  was  also  studied. 

There  are  two  classes  of  materials  which  contain  most  of  the  known  high-T 

c 

superconductors,  namely  the  A15  and  B1  structure  compounds.  All  of  the 
experimental  work  in  this  program  involved  these  two  classes  of  supercon¬ 
ductors.  The  AIS  structure  materials  studied  included  Nb.de,  N'b.Ga, 

a  a 

Nb.Al  .  Nb.Sn,  Y.Si,  and  Y.(Si-C).  The  B1  compounds  studied  were  Nb.N  and 
Nh(C-N) . 

4.1.1  Chemical  Vapor  Deposited  (CYD)  NbgGe 

The  current-carrying  capacities  of  CVD  single-phase  Nb.Ge  films 
and  also  films  containing  second-phase  (Nb^He^)  particles  dispersed  in  the 
AIS  matrix  were  investigated.  By  growing  films  of  thicknesses  varying  in 
the  10''  to  10'  range  and  multilayered  films,  the  AIS  grain  sice  and  the 
Nbj.Gc,  particle  size  and  dispersion  could  he  controlled.  For  Nb.Ge.  par¬ 
ticle  sizes  of  the  order  of  d  =  100  A  —  i.e.,  approaching  the  coherence 

length  of  Nb,Ge  at  4.2K  —  effective  flux  pinning  and  very  high  .1  's 
0^2  c 
(~  l,r  Amps/m"  at  20T  and  4.2K)  were  obtained.  In  single-phase  Nb.Ge. 

effective  flux  pinning  was  not  ohserved  even  for  very  small  grain  sizes, 
of  the  order  of  300  A,  obtained  in  the  thinnest  films  and  layers.  Subse¬ 
quent  specific  heat  measurements  indicated  that  this  result  was  a  conse¬ 
quence  of  near-surfacc  and  near- interface  disorder  and  did  not  permit 
valid  conclusions  to  be  drawn  on  the  strength  of  pinning  on  grain  boun¬ 
daries  i n  these  films. 


4.1.2  Laser  and  L 1  ect  rori  -  Beam  Annealed  NbjGe  and  Nb^Sn 

Critical  current  enhancement  (up  to  50”. )  was  observed  in  thick 

(several  urn's)  CVD  Nb_.Ge  films  which  had  been  pul  sed- laser- unnea 1 ed .  ir 

was  concluded  that  the  .1  enhancement  was  caused  hv  flux  pinnitv  on  r-re- 

c  ' 

cipitated  second -phase  \'hrGc,  particles  in  a  small  fraction  of  the 
unmelted  portion  of  the  film.  I.lectron  beam  annealing  was  thus  expected 
to  produce  a  similar  effect  in  a  larger  volume  fraction  of  the  samp'.'., 
and  to  make  the  I  -enhancement  technically  significant,  '.'lie  Karlsruhe 
Nuclear  Center  (KfK)  e-beam  annealing  facility  (I’LBAi  was  used.  Unfortu¬ 
nately,  pulsed  electron  beam  annealing  of  Nh-Ge  showed  no  improvements  in 
•  1 , .  It  was  apparently  not  possible  to  achieve  the  necessary  combination 
of  beam  energy  and  pulse  length  to  nucleate  an  optimum  number  and  size  of 
second-phase  particles.  The  enhancement  of  d  in  beam  melted  and  resolid¬ 
ified  samples  through  the  formation  of  an  ultra  fine -grained  mi  .’restructure 
also  did  not  occur  due  to  mechanical  damage  of  samples  (see  4.2.11. 
Transmission  electron  microscopy  (TDD  demonstrated,  however,  that 
ultrafine-grained  mierostructures  can  he  obtained  by  e-beam  annealing. 

This  finding  prompted  a  study  of  the  effect  of  e-beam  pulse  anneal  i’v  ea 
a  more  stable  A15  superconductor  represented  by  Nb.Sn  layers  ,n  Nb  sub¬ 
strates.  Mechanical  damage  was  reduced  but  not  eliminated,  so  that  the 

I  -enhancement  was  not  attained  in  Nb^Sn  as  well.  It  was  concluded  that 
c  .-> 

an  upgrade  of  the  PF.BA  fa'll  ;,y  would  be  necessary  to  solve  the  damage 
problem . 

4.1.3  Sputtered  Films  on  Heated  Substrates 

NbN  and  Nb(C-Nl  films  were  sputtered  onto  heated  substrates 
held  at  temperatures  from  450  to  1000°C.  These  films  which  have  the  R1 
structure  were  deposited  in  thicknesses  ranging  from  ~  300  A  to  several 
urn's  and  with  grain  sizes  from  ~  80  K  to  several  urn's  while  maintaining 
T  '  s  close  to  the  bulk  value  (~  15K1.  In  every  case,  regardless  of  type 
of  substrate  or  growth  temperature  the  films  had  columnar  grains.  r.  the 
case  of  films  grown  at  relatively  low  temperatures  (<  50P°C)  there  wire 
voids  between  grains  which  extended  completely  through  the  film.  Initi¬ 
ally  it  was  speculated  that  these  voids  formed  only  in  films  thinner  than 
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~  r- U ' 1 1 '  A.  However,  1 IM  data  showed  that  they  are  present  in  films  as 

thick  as  2  or  3  ym.  Roth  the  size  of  the  grains  and  the  size  of  the 

voids  become  larger  as  the  thickness  is  increased.  In  the  absence  of 

other  imperfections,  reducing  the  grain  size  had  only  a  minimal  if feet  on 

cri t i cal -current  density,  films  with  grain  sizes  (column  diameters: 

ranging  from  several  microns  down  to  a  few  hundred  angstroms  all  had 

self-field  .1  ' s  of  the  order  of  3  x  10s  Amps/cm-.  A  much  higher  self- 

field  J  _  i~  2  x  1C*1  Amps ''em'”)  was,  however,  observed  in  films  with  grain 

sizes  of  <  100  A.  In  this  case  the  voids  were  comparable  to  the  coherence 

length.  No  peak  in  the  (global  flux  pinning  force  I'  vs  I'd  dependence 

was  observed.  Flxtremelv  high  self-field  .1  ’s  were  measured  in  NbN  films 

c 

which  were  fabricated  into  microbridges  using  photolithographic  and  spot 

ter  etching  techniques.  In  the  smallest  NbN  microbridge  measured,  which 

had  a  cross-sectional  area  of  -  3000  nm“,  .1  (4.2K,  zero  field)  was 

->  c 

>  3  10  Amps/cm".  This  is  the  highest  current  densitx  reported  for  any 

superconductor .  The  reason  for  this  very  high  ,T  is  not  entirely  clear, 
however  it  must  be  in  some  way  due  to  constraints  placed  on  the  motion  of 
vortices  by  the  smallest  dimensions  of  the  microbridge  since  the  area  of 
the  microbridge  is  approximately  the  size  of  a  vortex. 

In  addition  to  having  high  cri t ica 1 -current  densities  in  self 

and.  low  magnetic  fields.  NbN  films  were  prepared  which  still  maintained 

high  T  ’ ?  in  fields  of  200  kOe  and  higher.  This  was  due  to  the  enhanced 
c 

upper  critical  fields  obtained  in  these  films.  Indeed' among  the  more- 

significant  results  obtained  during  the  course  of  this  program  was  the 

grow*!',  of  NbN  films  having  upper  critical  fields  much  greater  than  the 

t heoret i ca 1 1 v  calculated  maximum  11  for  a  bulk- like  superconductor .  The 

c  - 

films  showing  maximum  ,(0) *s  of  up  to  -  430  kOe  (extrapolated  to  T  <’) 

have  the  above-mentioned  column-void  m icrostructure  with  lateral  column 

dimensions  -  SO  A  and  void  dimensions  -  20  A.  (Due  to  a  misreading  of 

the  preliminary  data  a  slightly  higher  maximum  H  .,(0)  value  of  300  kOe 

was  initially  reported  in  the  duly  1982  Semiannual  Report.)  Other  NbN 

films  with  grain  sizes  of  -  200  A  or  larger  have  maximum  II  _,(0)'s  -  250 

0  ^ 

to  300  kOo  which  is  consistent  with  the  theory  for  bulk  superconductors. 
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Because 


u 


in  the  column-void  film  is  also  anisotropic  with  jecp-ci 


the  film  surface,  i!  perpendicular  to  the  surface  ’line  the  lar-e-” 
c  -  * 

surface  supercouduct ivitv  (M  . i  nucleating  at  the 

cs 


proposed  as  the  origin  of  the  observed  !! 


ii 


<  >wev  e 


i  - 


obtained,  sore  r::od  if  icat  Ion  of  this  interpret  at  lot 
sis  of  ai!  -he  data  ultimately  showed  that  the  si 
i nterpretat ion  is  valid  if  the  effect  of  the  • it- 
on  the  order  of  the  coherence  length.  i 
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This  di 


.'ns  ii'tia  1  i  tv  e 


e  r. 
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was  nrev : o 


'face  of 


it  ' 


■  h'  d  V 


cent  inuous  films  and  calculated,  for  films  and.  cyliiu 

derived  H  ,  vs  temperature,  based  on  the  above  ideas .  fits  -hi  exri r : 
c . 

meats  over  a  wide  temperature  range.  Pat  a  covering  the  ti  ::.}••»  ratui  v  r 
I.cf'K  <  T  <  l.-K  were  obtained  through  cooperation  with  !'r of.  0.  '•  i.-cl 
and  'dr.  V.  Pec  r  >’.:x  at  the  University  of  benevo  using  a  pulsed  may.  net : 
f  i  e  1  d  f ac i  1  i  t\  . 

4.1.4  N  h\  F  i  1  m  s  C  r  y  s  t  a  i  1  i ed  f  r  om  t  h  e  Amorphous  Stat_e 

Py  sputtering  niobium  in  an  argon-nitrogen  atmosphere  using 

relatively  low  substrate  temperatures  and  small  target  -  subs t rat c  si .  ,m 

t  ion.  X-ray  amorphous  N'h-S'  films  were  deposited  in  thicknesses  va  ry :  nr 

from  a  few  hundred  angstroms  to  <>P<'r>  A.  After  annealing  at  an  or  t  i  mur 

temperature  of  -  600cC  these  films  crystallized  into  the  PI  structu: c 

were  superconducting  witn  i  's  of  la  to  16K.  The  crystallized  films, 

deposited  on  sapphire  substrates,  have  equ i axed  grains  with  average  g. 

sizes  of  ~  30(1  A  as  indicated  by  transmission  electron  microscory  ■ 

(More  detailed  discussion  of  the  TFA!  data  is  given  below  ir.  section  i 

The  current  densities  of  these  films  were  found  to  Ko  no  higher  than 
-  -» 

-  s  x  U>‘  Amps/cm"  (at  4 . 2K  and  zero  field!  .  This  value  is  not  s  i  >■  r.  i  : 

r;  "> 

cant  lv  higher  than  the  ~  5  x  10'  Amrs/cnT  valui  measured  in  W;  fib  s 
having  an  average  grain  size  of  >  1  am.  The  .!  __  results  in  these  film, 
are  thus  similar  to  the  data  on  N'hN  films  having  the  column-void  type 
microstructure,  discussed  above.  This  indication  that  grain  boundari 
may  not  always  be  efficient  pinning  sites,  as  is  usually  assumed,  can 
understood  if,  as  proposed  by  Zerwecl ,  grain  boundary  pinning  is  dm 
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i  !i  T  hi  -it;;  :'m  j-.ith  i'!'  t  hr  fit  ct  r.mo  in  .•  i-  •>  ; : .  ->  , 

. !;  the  '  ;  ' anda rv  !  avers  .  !  i.  the  ca^e  of  th<--i  V  *,  til"', 

w  th.tt  *  he  meal:  f  rt-t-  path  ;  t»f  the  "lee! 

t  •  ’i.i'-t  tht.  houndar : i  s  .  therefore  tie.  effect  ;  vc  n* 

•'  a--  :  <:*t-  is  m  i  n  i i  ced  . 


■  near  !5K  wtTv  r.a  ir.  t :  nc.l  ; r  films,  less  than  1 '  ■ ' " '■  \  thi  cl  . 
deposited  on  heated  substrates .  Sue!.  films  were  obtained  heat  ing  tht 
substrates  to  the  minimum  possible  value  ~  4?oV  •  that  would,  still  n.  r:  .  x 
th.e  crystal  1  i  ration  of  the  desireu  Bi  structure.  IhM  studies  showed,  th.it 
all  of  the  films  had  a  column-void  mi cros t rue ture .  however,  the  dimen¬ 
sions  of  both  the  columns  and  the  voids  increased  with  increasing  thief- 
ness.  Therefore,  only  films  of  ~  5000  A  and  less  exhibited  the  very 
1! , ,  arid  values  reported  above  In  thicker  films  both  the  era  ins  .utd 
voids  ''ecame  sufficiently  large  that  no  enhancement  effects  were  obt timed. 

Another  thin  film  method  which  was  used  to  prepare  a  1 1  ra  f i  - 
c rained  m i cros true tures  was  the  controlled  crystal  1 i rat  ion  of  Bl  NbN  from 
th.e  amorphous  state.  With  this  method  there  was  no  dependence  of  grain 
sice  on  film  thickness.  The  grain  dimensions  were  determined  primarily 
by  the  annealing  temperature  and  time.  A  TF.M  study  of  amorphous  films 
deposited  on  either  sapphire  or  niobium  substrates  produced  the  following 
results:  films  on  sapphire,  crystallized  at  450cC,  were  equiaxed  and  had 
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average  grain  s  i  zes  of  ~  1-5  However,  in  these  films  there  were  a:v/. 
r  'g  ions  of  non  -  c  ry  s  t  a  1 1  i  zed  material  which  sharp  1 .  degraded  th*  sun<  rent: - 
ducting  properties.  Fssentially  complete  crystallization  was  vita  it. id  at 
(>H('0C.  In  the  latter  case,  the  microstructure  again  consisted  of  e:.  :i- 
axed  grains,  however  with  a  larger  average  grain  size  of  ~  _'“5  ;•  . 


di cat  ion  of 

the  importance  of  the  sub 

st  rate  mat  el¬ 

ial  was  obtaiiied 

>f ’serving  f: 

;  1ms  on  the  niobium,  substr 

ates.  Altho 

ugh  annealed  unde 

nr  co-id  it  ii 

vis  as  the  NbN  on  sapphire 

-,  these  film 

s  sho w e a  a  column 

"  i c  ros  t rue  ti 

i  r  c  w  i  t  h  a  v  e  rag  c  d  i  a  r.  e  t  e  r 

of  the  col  urn 

ns  being  over  !<'" 

ibis  indicated  the  ability  of  a  substrate  material  to  significant  !y  it. f  in¬ 
i'. ce  crystal  growth  of  the  X-ray  amorphous  NbN .  Such  effect  could  have 
importance  in  the  new  West inghouse-Al'Osp  program  dealing  with  rater:  .Is 
for  dosephson  device  appl Scat  ions .  Therefore  further  annealing  and  iid: 
studies  of  films  prepared  by  this  method  will  continue. 

4.J.T  ! -beam  Annealed  Nb^fe 

Some  limited  success  in  preparing  u  1 1  raf  i  ne-g  ra  i  ned  micro.- 1  rue  - 

tures  was  obtained  by  pulse-annealing  technique.  The  microstructures  o*' 

e-beam  annealed  Nb.Ge  films  were  observed  using  both  TFM  and  scanning 

transmission  electron  microscope  i.SiT.Ml.  Pulse  energv,  1  ,  thre.-he  Ids 

P 

tor  film  melting  were  found  to  depend  strongly  on  the  nature  of  the  film. 

substrate,  with  films  on  Nh  melting  at  -  40°.  lower  energy.  films  annealed 

only  slightly  above  the  inciting  threshold  were  less  damaged  by  crac-ing, 

blow-off,  etc.  than  those  annealed  at  high  Ji  '  s  <  >  !  ioule/cm*  i  ,  and  ;ould 

P 

be  investigated  further.  The  melted  layer  was  found,  to  resolidify  into 
an  u 1 t raf i ne-g ra i ned  microstructure  with  an  average  grain  size  of  d1'  to 
40  a,  thus  comparable  to  the  coherence  length  in  \'b ,>  ,e .  1  r,  situ  anneal¬ 
ing  in  the  microscope  permitted  one  to  directly  observe  the  growth  of 
these  micrograins  and  to  prove  by  electron  diffraction  that  .the  ultrafine¬ 
grained  phase  was  an  A1S.  Flimination  of  ri 1m  cracking  by  preheating  of 
specimens  would  make  e-beam  annealing  an  ideal  tool  for  investigating  the 
correlation  between  the  grain  size  and  global  flux  pinning  force.  Hie 
use  of  heated  stage  in  the  I’l.HA  apparatus,  however,  made  it  impossible  to 
attain  F.  values  necessary  for  melting.  Further  modification  and 
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r:i>:  i  n.:  won  id  be  mvr-xir.  to  j !,  i  ;j  i  :i 1  •  ]  method  for  i  n.4  t!.v 

Jcs  i  •■■■»!  ”i  i c  ros t  rue  t  ui't •-  . 


J .  •'  hr  :  first  r:  1  ^  •:  ;i  r:  a?  :<>}:•  :::  '■  r:i  i  r:  ’-ise 

-pecii  hit  i  \  e  thiMrrt  ical  a rgumer. t s  have  beer.  presented  f  r  m  t  i  ru¬ 
ts  t  r.o  i:;:  that  enhanced  1  's  ;:;ay  he  obtained  hy  reduc  i  r.g  tin 

0 

ra  ;  r.  site  oh  a  superconductor.  In  a  United  states  patent  1  *  n,  14"  , 
p1:1'!  ;  -h’i!  late  in  1  •»  .  experimental  verification  oh  these  ideas  seemed 

t  •>  ha',  e  heon  ota ;  ned. .  !he  patent  claimed  that  dramat  ic  increases  in  T 

c 

and:  :1  ,  her  ’sit:.  \1?  and  B1  structure  compounds  wore  achieved  uy  decreas  • 
iny  thei r  train  sires  to  ~  100  A.  A  theoretical  evaluation  oh  these 
claims  was  made  and  th.ov  were  judged  not  believable.  Experimental  work 
performed  during  this  program  confirmed  the  validity  of  this  judgment, 
i he  :  's  of  ShN  films  which  had  grain  sires  of  loo  A  or  less  were  found  to 
■e  t:.-.  same  or  slightly  lower  than  those  of  films  having  larger  grains, 
in  essence,  there  was  no  evidence  obtained  in  this  program  indicating  any 
enhancement  of  !  due  to  reduced  grain  sire  in  high-!  tvpo  II  sunercon- 
doctors . 

■1.1  Correlation  of  Mechanical  Load  Properties  and  Microstructure 

The  mechanical  load  properties  of  CYP  Nb.l'c  and  sputtered  NhN 

film-  wore  measured.  The  measurement  was  done  hv  simultaneously  applying 

current,  perpend i cular  magnetic  field,  and  uniaxial  tensile  strain  to  the 

sample.  The  behavior  of  the  Nb.fle  was  found  to  be  oual : t at i volv  similar 
1  r> 

to  t!  it  of  Nb.Sn .  The  Nb.fle  showed  a  reversible  critical  current  strain- 
.1  a 

doper,  ioncc  which  increased  with  increasing  magnetic  field  and  conformed 
to  I iin’s  scaling  law.  The  Nb\  on  the  other  hand  showed  no  reversible 
dependence  on  strain  in  all  fields  measured  up  to  22T.  Although  it  had 
no  influence  on  the  reversible  strain  properties,  the  microstructurc  of 
the  \b\  was  found  to  have  an  effect  on  the  irreversible  properties. 
Irreversible  degradation  of  current  with  strain  occurs  in  a  material  as 
the  result  of  the  superconductor  beginning  to  break  up.  This  was  observes 
at  a  treater  strain  level  in  a  thin  ultraf inc-gra ined  film  compared  to  a 
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thicker  film  having  larger  grains.  In  t  he  thin  \'b\  films  the  i  rn  vi  rs  i  - 

Mo  .1  degradation  in  the  \'b\  deposited  on  Has  tel  lov  began  at  an  intrir.- 
c  *  • 

sic  strain  of  0.5T.  Irreversible  degradation  of  s  imi  Jar  films  on  niobium 

did  not  begin  until  an  intrinsic  tensile  strain  of  ! .  5  .  Since  the 

n 

degradation  could  he  correlated  to  the  yield  points  of  the  Hast  el  ]<•;.'  and 
niobium  substrates,  these  results  indicate  that  the  naxir.n  obtained  !  ■. 
value  for  \b\  is  determined  by  the  yielding  of  the  substrate  materia!  . 

The  value  of  1.5"  is  the  highest  measured  for  any  sizpercortduc t or  to  date. 

4.5  Oth e r  Topic s 

Other  results  obtained  in  the  general  effort  to  advance  tit.  un¬ 
derstanding  of  high-T „  superconductors  are  described  in  the  following  sub 
sec t  ions . 

■4.5.1  Stabilization  of  lligh-lc  i’b.ases 

Both  of  the  high-1  superconductors  (N'b-ife  and  NbN  '  which  were 
primarily  used  in  this  program  to  obtain  data  on  microstructural  effects 
require  some  stabilization  mechanism  which  permits  their  formation  .-.t 
(<  1000*0  temperatures.  To  aid  in  sample  preparation  and  also  because 
of  the  general  importance  of  understanding  high-!',  metastablc  surer c  m- 
due tor  formation,  a  significant  level  of  effort  in  this  program  was  ex¬ 
pended  to  try  to  identify  the  ~rc ban  isms  involved  in  the  low  temperature 
growth  of  these  compounds.  In  both  cases,  experimental  data  indiea'cd 
the  necessity  of  incorporating  some  impurity  lusuullv  oxygen'1  into  *.  he 
film  during  the  growth  process.  It  was  hypothesized  tb.at  in  the  case  of 
\b-Ge,  the  oxygen  present  near  the  film-sul  strate  interface  stabilizes 
the  Nb,Ge  near  the  substrate  film  interface.  Chemical  analyses  show  that 
as  the  film  thickness  increases,  the  oxygen  level  decreases.  However  the 
\'b^(!e  continues  to  grow  with  or  without  oxygen  in  a  metastablc  form  via  a 
"homo-epitaxial"  process.  The  T,  of  the  film  near  the  interface  is  i 
because  of  the  oxygen  presence.  The  T  of  the  metastablc  Nbj'.e  wh  i  cb.  has 
little  or  no  oxygen  has  a  very  high  critical  temperature  of  ddK  or  higher 
In  the  case  of  NbN  it  was  proposed  that  tins  compound,  when  prepared  at 
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1  (uv  temperatures ,  is  actually  a  stable  pseudo-binary  with  the  stabilizing 
impurity  (oxygen,  carbon,  or  both  I  i neorporat ed  into  the  HI  structure. 

Although  complete  experimental  verifications  of  the  above  oxygen 

stabilization  hypotheses  are  still  lacking,  the  need  for  having  oxygen 

present  during  the  growth  of  Nh_.Cc  is  now  generally  accepted.  In  an 

attempt  to  determine  whether  oxygen  plays  some  role  in  the  growth,  of  the 

other  high- 1  A15  superconductors,  a  series  of  the  \'h-  and  V-based  A I  f 

c 

compounds  were  sputtered  in  thc  presence  of  oxygen*  All  of  the  films 
which,  had  the  A.B  composition,  were  found  to  have  T.'s  close  to  the  maxi¬ 
mum  reported  value  for  each  of  the  compounds.  The  most  interesting  aspect 
of  the  I\  data,  however,  was  the  finding  of  very  high  T.'s  in  A-rich 
! i . e .  .  V  R  >  a)  films  whose  average  compositions  were  far  removed  from 
ideal  5'1  stoichiometry.  These  results  were  seen  in  both  *he  stable 
<  N'b.Sn  and  V.Si)  and  unstable  (\b_Cc,  Nb.Ca,  and  N'b.Al )  compounds.  These 
data  imply  that  a  mechanism  lor  mechanisms)  must  he  operating  which  causes 
thc  growth  of  a  .VI  AIR  phase  in  an  environment  in  which  the  average  AR 
ratio  is  >  a.  A  possible  mechanism  was  proposed  which  involves  an  inter¬ 
mediate  A-oxide  reacting  with  the  R  element  to  form  the  A.R  compound  via 

"■  ,i 

a  diffusion  reaction. 

1.5.2  AC  Losses  - —  Experimental 

The  ac  losses  in  in-situ  Cu-Nb.Sn  and  Cu-V.Ca  composite  conduc- 

**>  .*>  1 

tors  were  determined  and  found  to  be  very  high,  approaching  those  of  bulk 
superconductors.  Analysis  of  results  indicated  that  conductors  contain¬ 
ing  low  volume  fractions  of  superconductor  and  those  having  short  fila¬ 
ments  would  have  relatively  lower  ac  losses.  The  possibility  of  in-situ 
filaments  decoupling  in  very  strong  magnetic  fields,  and  the  effect  of 
twisting  on  ac  losses,  have  also  been  investigated.  Twisting  was  found 
to  be  rather  ineffective.  Decoupling  by  proximitv-cffect  quenching  was 
not  observed. 

1.5.5  AC  bosses  —  Theory 

The  ac  loss  in  a  mu  1 1 i f i lament  superconducting  wire  for  small  ac 
fields  superimposed  on  a  constant  bias  field  was  treated  theoretically. 
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This  work  extended  previous  treatments  to  encompass  a  full  range  of  wc 
fields  up  to  the  field  for  full  penetration.  Ihe  results  contributed  to 
an  understand ing  of  experiments  and  allowed  an  accurate  prediction  i  •' 
losses.  ind  effects  on  the  losses  in  short  filamentary  superconduct oj - 
were  also  studied. 


4.5.4  Ultrasonic  Attenuation  in  oranular  Mb'.  \  i  lms 

Some  of  the  NhN  films  prepared  in  th.is  prog ram  meet  the  criteria 
for  granular  superconductors  as  indicated  by  their  void-type  micros* ru - 
turo,  very  high  normal  state  resistivities,  and  negative  resistance  ratios. 
The  possibility  of  using  ultrasonic  attenuation  as  a  new  too!  to  itv.  i  <*.  i  - 
gate  granular  superconductivity  was  investigated  in  col lahorat ion  wit:. 

Prof.  M.  levy  of  the  University  of  Wisconsin  at  Milwaukee.  The  measured 
attenuation  of  surface  acoustic  wave  propagation  in  these  films  was  found 
indeed  to  be  anomalous  for  the  supercotniucf i ng  state.  '  theoretical 
treatment  using  the  Kosterl i t c- ihouless  vortex-ant ivortex  pairs  pry.  id id 
a  semi -quant i tat ive  explanation  of  the  data. 

4.5.5  Pseudo- Ri nary  V-Si-C  Pi  lms  by  Sputtering  and  Ion  Imp  1  ant  at i  • 


Rased  on  empirical  data  relating  molecular  volume  to  !'  ,  there 

is  reason  to  bel'ieve  that  certain  pseudo-binary  .MS  compounds  might  have 

a  !  igher  T_  than  the  binary  compound.  An  example  of  this  seemed  to  have 

been  found  a  few  years  ac  '-her  a  1  of  over  JOK  was  reported  for  a 

Vj(Si-C)  pseudo-binary;  however,  this  was  :.<.ver  independently  confirmed. 

An  attempt  was  made  to  confirm  that  result  in  this  program  by  sputtering 

a  series  of  V-Si  films  with  a  wide  range  of  V/Si  ratios.  Into  those  ‘‘ilms 

carbon  was  implanted  so  that  there  was  a  Caussian- 1  ike  depth  profile  of 

carbon  concentration.  This  produced  a  wide  variety  of  V-Si-C  compos i t ions 

encompassing  those  reported  in  the  literature  as  having  greater  *har 

20K.  All  of  the  films  were  then  annealed  at  temperatures  up  to  lOU'  f . 

Although  there  was  evidence  that  carbon  w.-.s  incorporated  into  the  A!  5 

structure,  no  T  's  greater  than  that  of  V_Si  (!~.1K)  were  found.  Analvsis 
c  .•> 

of  the  films  indicated,  however,  the  presence  of  significant  levels  of 
oxygen  in  the  films.  For  this  reason  these  results  cannot  be  considered 
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as  dot' init  ive  on  the  subject  of  enhanced  1  '  s  in  the  V-Si-C  pseudo- !  i  iiar  y 

c 

compounds.  A  useful  and  somewhat  unexpected  result  from  this  wnrl  was 
t  hi  :  -  s i  ght  paired  on  the  influence  of  oxygen  on  the  low  temperature 
growth  of  stable  A 15  compounds  such  as  V.Si.  This  stimulated  work  on  t 
effect  of  oxygen  on  the  low  temperature  formation  of  all  the  known  h  . 
compounds.  This  work  leading  to  the  concept  of  low- temperature  syntl.es i -■ 
via  t!:o  formation  of  intermediate  phases  was  discussed  in  Section  f . . . 1. 

l.S.b  New  !111\'  l'epesi  t  ion-Ana  lyt  ical  lacility 

The  host  inchouse  Rtjl>  Center  lias  committed  itself  to  the  purchase 
lat  r.o  cost  to  Al'OSRl  of  a  new  llll\  1'epos  i  t  ion- Ana  lyt  ica  1  facility  for  use 
in  the  new  best i nghouse-ATOSR  program  which  will  focus  on  the  in\  est  iga- 
tion  of  materials  for  dosephson  device  applications.  [Hiring  I'dKd,  concep¬ 
tual  designs  were  developed  and  various  vendors  evaluated.  As  conceptually 
constituted,  the  facility  will  have  the  option  of  depositing  films  by 
either  evaporation  or  bv  magnetron  sputtering.  The  in-situ  analyses  of 
the  films  will  be  by  electron  diffraction,  Xl'S  and  Auger.  Other  capabi¬ 
lities  will  include  plasma  oxidation  and  annealing.  The  delivery  by 
"instruments  SA/Ribcr:  is  scheduled  for  duly  l'.'sA. 
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A.  1.  Braginski,  11.  C.  Freyhardt,  R.  Flukiger,  li .  llillmann, 

D.  C.  I.arba lest ier ,  M.  Suenaga  and  M.  N.  Wilson,  IPPP  Trans,  or 
Magnetics,  MAC-1”:  2343  (19811. 

23.  "Superconduct i ve  Quenching  of  Piezoelectric  Induced  Surface  Wave 

Attenuation,"  H.  P.  Fredricksen,  M.  Levy  and  .1.  R.  Cavaler,  Proc.  of 
16th  International  Low  Temp.  Conf.  (l.T-16):  113  (1981). 

24.  "Possible  Ultrisonic  Pv idcnce  for  the  existence  of  Vortex-Anti  vortex 
Pairs,"  Hans  P.  Fredricksen,  Moises  Levy,  M.  Ashkin  and  J.R.  Cavaler, 
Molecular  Crystals  and  Liquid  Crystals  (in  press). 

25.  "Surface  Acoustic  Wave  Petenninat  ion  of  the  Superconducting  Fraction 
of  a  Nb^Ge  Film,"  Harry  Salvo,  .Jr.,  Hans  P.  Fredricksen,  Moise-  j cvy 
and  .1.  R.  Cavaler,  J.  Low  Temp.  Phys.  48,  189  (1982). 

26.  "Superconducting  Critical  Temperatures  of  C-Implanted  A15  Structure 
V-Si,"  J.  R.  Cavaler,  A.  I.  Braginski,  A.  S.  Manocha,  B.  R.  Appleton, 
C.  W.  White  and  J.  M.  Williams,  Metastahle  Formation  by  Ion  Implanta¬ 
tion,  S.  T.  Picraux  and  W.  .1.  Choyke,  Ed.,  FI sevier  North  Holland, 
Ind.  (1982) ,  p.  287. 

27.  "End  Effects  on  the  Loss  for  Short  Filamentary  Superconductors,” 

W.  J.  Carr,  Jr.,  Adv.  Cry.  Eng.,  Vol .  28  (1982). 

28.  "Effect  of  Strain  on  the  Critical  Current  and  Critical  Field  of  R1 
Structure  NbN  Superconductor,"  ,J.  W.  Ekin,  J.  R.  Cavaler  and 

,J.  Greggi,  Appl  .  Phys.  Lett.  41,  996  (1982). 


29 .  "Alternating  Current  Losses  in  Twisted  In-Situ  Composite  hires, " 

\.  I.  Braginski  and  .1.  Bevk,  l'i  lamentary  AI5  Superconductors, 

M.  Suenaga  and  A.  I:  .  Clark,  Fids.,  Plenum  Press,  N.Y.,  1980,  p.  321. 

SO.  "The  Effect  of  Oxygen  on  the  Low  Temperature  Growth  of  the  High-T 

115  Superconductors,"  .1.  R.  Gavaler,  A.  I.  Braginski,  M.  A.  .Tanocko 
and  A.  S.  Manocha,  4th  Conf.  on  "Superconductivity  in  d-  and  f -  Hand 
Metals,"  1982,  Fds.,  IV.  Buckel  and  IV.  Weber,  Kernforschungszentrum 
Karlsruhe,  FRB,  p.  3S. 

31.  "The  Ultrasonic  Attenuation  of  700  mHz  Surface  Acoustic  Waves  in 
Thin  Films  of  Superconducting  NbN,"  H.  P.  Fredrickson,  M.  Levy, 

.1.  R.  Gavaler  and  M.  Ashkin,  Accepted  for  publication  in  Phys.  Rev  B. 

32.  "Ultrasonic  Attenuation  Determination  of  Superconduct i ng  Energy  Gap 
\nomolies  in  Thin  Films  of  NbN,"  Hans  P.  Fredrickson,  M.  Levy, 

'■1.  Tachiki,  M.  Ashkin  and  .1.  R.  Gavaler,  To  be  published  in  IF.r.F. 
Ultrasonic  S\i7iposium  (October  198  21,  San  Diego. 

33.  "Properties  of  NbN'  Films  Crystallized  from  the  Amorphous  State," 

4.  R.  Gavaler,  .1.  Greggi,  R.  Wilmer  and  .1.  K.  F.kin,  To  be  published 
in  Proceedings  of  the  1982  Applied  Superconductivity  Conference. 

34.  "Pulsed  Flectron-Beam  Annealing  of  Nb-Ge  Films,"  A.  I.  Braginski, 

4.  Greggi,  M.  A.  Aanocko  and  0.  Meyer,  To  be  submitted  to  4.  Appl . 
Phys . 

38.  "Origin  of  44P  K i 1 ogauss  Upper  Critical  Field  in  NbN  Films," 

M.  Ashkin,  4.  R.  Gavaler,  4.  Greggi  and  M.  Decroux ,  In  preparation. 
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6.  PERSONNEL  CONTRIBUTING  TO  PROGRAM 


M.  Ashkin 

A.  I. 

Brag  inski 

K .  J. 

Carr,  Jr. 

.1.  R. 

Gavaler 

.1.  Gregg  i 

M.  A. 

Janoeko 

A.  S. 

Manocha 

G.  K. 

Roland 

A.  T. 

Santhanam 

G.  R. 

(Vagner 
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COUP!  I  NG  ACTIVITIES 


1.  "Preparation  of  A1S  Superconductors  by  Liquid  Sodium  Reduction," 

R.  G.  Charles  and  ,J .  R.  Gavaler ,  contributed  talk  APS  Meeting, 

Washi  ngton ,  DC  (March  IP'S). 

7.  "The  Upper  Critical  Field  of  NbN  Film,"  M.  Ashkin  and  .1.  R.  Gavaler, 
contributed  talk,  APS  Meeting,  Washington,  DC  (March  19~S)  . 

3.  "Assessment  of  Reported  Enhanced  Superconducting  Properties  (if  Small 
Particles  Dispersed  in  a  Metallic  Matrix,"  M.  Ashkin  and 
\.  I.  Brag  inski,  contributed  paper,  Am.  Phys .  Soc .  Meeting, 

Washington,  PC,  March  77-50,  1978. 

•1 .  "The  Dependence  of  Crit  i  cal -Current  Density  in  Nb  jGe  Upon  the  Film 
Thickness  and  Grain  Sice,"  A.  I.  Brag  inski.  G.  W.  Roland  and 
A.  T.  Santhanam,  contributed  talk,  Am.  Phys.  Soc.  Meeting, 

Washington,  DC,  March  7  ~- 50 ,  197S. 

3.  "Superconducting  Materials  Research  at  West i nghouse ,"  A.  1.  Braginsk i , 
invited  seminar  at  the  Karlsruhe  Nuclear  Center,  Institute  for 
Technical  Physics,  Karlsruhe  (West  Germany!,  April  75,  1978. 

"Flux  Pinning  in  Nb-Ge,"  A.  1,  Braginsk i,  seminar  at  the  Siemens 
Research  Laboratories  in  Erlangen  (West  Germany;,  April  78,  19”S. 

7.  "Superconducting  NhjGc  for  High-Field  Magnets,"  contributed  talk, 

\ .  I  .  Brag  i  nsk  i  ,  M.  R.  Daniel,  G.  W .  Roland  and  .! .  A.  Wool  lam,  The 
197S  Intermag  Conference,  Florence  (Italy),  May  9-17,  19'S. 

8.  "Stabilisation  of  lligh-T^  NbjGe,"  .1.  R.  Gavaler,  M.  Ashkin, 

A.  1.  Braginski  and  A.  T.  Santhanam,  Poster  paper  at  Low  Temp.  Phys . 
Conf. ,  LT15,  Grenoble,  France  (August  1978)  (presented  by  R.  Hein). 


Name  of  the  speaker  is  underlined. 
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9.  "Properties  of  Reactively  Sputtered  Superconduct  i  ng  Films," 

J.  R.  Gavaler,  contributed  talk,  Appl.  Supercond.  Conf.,  Pittsburgh, 
PA  l  Sept.  11)78)  . 

IP.  "Mi erost ructur°  Control  in  Nb-Gc  and  Its  F.ffcct  Upon  the  Critical- 
Current  Density,"  A.  I.  Rraginski,  (1.  IV.  Roland  and  A.  1.  Sant:  nun::, 
contributed  talk,  Appl.  Supercond.  font.,  Pittsburgh,  PA  (sept.  IP'S 

1’.  Hffect  of  Strain  on  the  Critical  Current  of  Nb-,Ge,"  d.  K.  Bin  and 
A.  1.  Rraginski,  contributed  talk,  Appl.  Supercond.  Conf.  ,  Pit*s’v.:rg 
PA  (Sept .  19~S) . 

id.  "AC  Losses  in  "In-Situ"  Nb-Sn-Cu  Composite  Conductors," 

A.  I.  Rraginski,  G.  R.  Wagner,  J.  Rcvk  and  .J .  P.  llarbison,  contri¬ 
buted  talk,  Appl.  Supercond.  Conf.,  Pittsburgh,  PA  (Sept.  1978' . 

IS.  "Studies  of  electron  Beam  Co-Uvaporated  NhjSn  Composites," 

R.  U.  Hammond,  B.  L.  Jacobson,  T.  11.  Geballe,  .1.  Talvacchio, 

J.  R.  Salem,  H.  C.  Poll  1  and  A.  I.  Rraginski,  contributed  talk,  Appl. 
Supercond.  Conf.,  Pittsburgh,  PA  (Sept.  1978). 

14.  "Phase  Stability  of  NbjCe,"  M.  Ashkin,  Seminar  at  the  University  of 
Wisconsin-Mi lwaukee,  November  13,  1978. 

15.  Round  table  discussion  among  R.  Roy  and  colleagues  of  Penn  State 
University  and  J.  R.  Gavalcr,  M.  Ashkin  and  A.  1.  Rraginski,  on 
Superconducting  Material  Research  (at  Penn  State  University, 

November  22,  1978). 

lb.  Round  table  discussion  among  K.  Appleton  and  colleagues  of  Oak  Ridge 
National  Laboratory  and  A.  I.  Braginski ,  M.  Ashkin  and  d .  R.  Gavalcr 
on  new  fabrication  techniques  for  preparing  superconductors  (at  Oak 
Ridge,  December  12,  197S). 

1".  "Properties  of  High-T  Superconducting  Thin  Films,"  d.  R.  Gavn lor. 
Seminar  at  the  University  of  Wisconsin-Mi lwaukee,  March  19“9. 

18.  "Ultrasonic  Surface  Wave  Attenuation  in  Nh.Co  Film.”  11.  Salvo, 

H.  Fredrickson.  M.  levy,  and  d.  R.  Gavalcr,  contributed  talk  APS 
Meeting,  Chicago,  111.  (March  19~9). 
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: iabha  1  and  A.  I.  Bragins- i,  A  IMF  Cor.:'.  Sept  .  le-2  .  19  "9 . 

"i  Iwaui-  ee  .  A <  . 

"V  Properties  of  ’  ir.-Situ'  Conrosite? A.  1.  Pragi  ns-  :  ,  Seminar 
at  the  Nuclear  Center,  Karlsruhe.  West  Germany  'Oct.  ;0,  1?“9  •  . 


sses  in  V  Cu  ’  In-Situ'  Composites A.  !.  Bracir.sk'.  ,  Serin 

*  - ... - -  -  —  - 

the  Sienens  Research  Center,  Erlangen,  West  German;.  ,  Oct.  2b, 


’ art ; c mat i on  in  a  discussion  of  flux  pinning  in  Air's  at  the  ~th 
Materials  Coliouuiur. ,  I’niv.  of  Irian  gen,  Surnhcrg ,  West  Germany, 

\ .  1.  P  ra  g :  r.s  V  i  .  Oct.  30,  19”9  . 


Part  i  cipat  ion  in  1  '->nf.  on  In-hor.ogcneous  Superconductors  20 _ K. 

Per- cl  cy  Springs,  W  .  \  .  Nov.  1-3,  19~9'.  . 

"Ion  1  r.rlant  at  i  or.  and  Laser  Annealing  of  High  T  Superconduct  ing 

c 

Materials P.  E.  Appleton.  C.  W.  White,  B.  Stritzker,  0.  Moyer, 
.1 .  R.  Gavaler .  A.  !.  Brag inski  and  M.  Ashkin ,  contributed  talk 
in  the  Symposium  on  laser  and  Electron  Roam  Processing  of 
Materials,  Materials  Research  Society,  Annual  Meeting, 

Cambridge,  Mass.,  Nov.  20-30,  19~9i. 
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29.  "Stabi  I  i  cat  ion  Mechanic:*  ,  :  Meta*!  a1  ’  *.’•  „•'< 

Seminar  at  the  Vu  lear  Cortt  •  r,  fair :  *  rai.i  .  We 
19  "0  . 

50.  "AC  l.c>?sts  it:  ’  In-Situ'  Compos i T es . "  A.  : 

the  ’.'ni\.  of  C.eReva ,  Sw  j : rer land .  1!.  : 

t1  "  1  i;i-S ;  T;:1  Composites  ;i;\l  -heir  A;  h',i;vit  ■. 

Seminar  of  the  At  or !  v  institute  of  Austria:'. 

Austria  Not.  lb.  19 '9.. 

52.  "Laser  Annealing  of  High-T ,  Superconducting  Materials,"  .J .  R.  c.  a  vale 
A.  1.  Braginski,  M.  Ashkin,  B.  R.  Appleton  and  C.  IV.  White,  contri¬ 
buted  paper  (Hilt*)  at  the  19M>  March  Meeting  of  An.  Phvs .  Society. 

35.  "Flux  Distribution  and  Hysteresis  Loss  in  a  Round  Superconducting 
Wire  in  a  Transverse  Field,"  M .  Ashkin,  contributed  paper  Kill  1  at 
the  1980  March  Meeting  of  An.  Phys.  Society. 

34.  "Proximity  Lffcct  Observed  in  Hysteretic  Loss  Behavior  of  'In-Situ' 
Cu-NhiSn,”  A.  1.  Braginski  and  J.  Bevk ,  contributed  paper  (Kill-'  a: 
the  1980  March  Meeting  of  Aim.  Phvs.  Society. 

35.  "Alternating  Current  Losses  in  Twisted  ’In-Situ’  Composite  Wires." 

A^ _ I  .  Braginski  and  J.  Bevk.  paper  presented  at  the  19S0  I CMC  cn  A15 

Filamentary  Superconductor-,  May  58-99,  19S0. 

5b.  Discussion  meeting  on  stabilization  of  high-T  Ala  phase, 

C 

A.  I.  Braginski,  P.  llhaudhari  and  C.  C.  Tsuei ,  i BM  Research  Center, 
March  4,  1980. 

37.  "Dimensional  Effects  on  Current  and  Field  Properties  in  NhN  Pi lms." 
J.  R.  Gavaler,  A.  T.  Santhanam,  A.  I.  Braginski,  M.  Ashkin  and 

M.  A.  Janocko,  Contributed  paper  presented  at  the  Applied  Supetvon. 
Conf. ,  Santa  Fe,  NM  (Sept.  1980). 

38.  "In-Situ  Found  Multi fi lament  ary  Composites,  Part  II:  AC  Losses," 

A.  1,  Braginski  and  (I.  R.  Wagner.  Invited  paper  presented  at  1980 
Applied  Superconductivity  Conf.,  Santa  Fe,  NM  (Sept.  1980). 
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59.  "Ultrasonic  Surface  Acoustic  have  Investigation  of  Thin  films  of 

Superconducting  \'!>\,"  Hans  Fredrickson,  M.  Levy,  .1.  K .  Gavaler  and 
'•I.  Ashkin,  Contributed  paper  presented  at  the  Applied  Superconduct  i - 
vity  Conference,  Santa  Ic,  N'M  (September  11)80). 

40.  "Iligh-T,  Superconducting  Films,"  .J.  R.  C.avaler,  Invited  paper  pre¬ 
sented  at  the  American  Vacuum  Society  Meeting,  Detroit.  MI  (October 
1 9 SO  :  . 

Ji.  "The  Effect  of  Laser  Annealing  on  the  Critical  Current  Density  of 

Nb3Ge,"  A.  I.  Braginski,  J.  R.  Gavaler,  B.  R.  Appleton  and  C.  W.  White, 
contributed  paper  presented  at  the  A.  P.  S.  Spring  Meeting,  Phoenix, 

AZ  (March  1981) . 

IZ.  "Critical  Temperature  of  A1S  Structure  V-Si-C  Films,"  .1.  R.  Gavaler, 

A.  I.  Braginski,  B.  R.  Appleton,  C.  K.  White  and  J.  M.  Williams,  con¬ 
tributed  paper  presented  at  the  A.  P.  S.  Spring  Meeting,  Phoenix,  AZ 
(March  1981)  . 

48.  "Workshop  on  Superconductors  for  Magnets:  Frontiers  of  Technology," 
organized  and  chaired  by  A.  I.  Braginski  at  the  7th  International 
Magnet  Conference,  Karlsruhe,  West  Germany,  March  30-Apri 1  3,  1981. 

44.  "Superconductors  for  High  Field  Magnets,"  a  seminar  given  by 

A.  I.  Braginski  at  the  Grenoble  Nuclear  Center,  France,  on  May  4,  1981. 

45.  "AC  Losses  in  ’In-Situ'  Composites,"  a  seminar  given  by  A.  I.  Braginski 
at  the  Saclav  Nuclear  Center,  France,  on  May  7,  1981. 

46.  "Current  Distribution  Near  the  End  of  a  Filamentary  Superconductor," 
a  contributed  paper  presented  by  W.  J.  Carr,  Jr.  at  the  1981  Intermag 
Conference  in  Grenoble,  France,  May  15,  1981. 

47.  "Possible  Ultrasonic  Evidence  for  the  Existence  of  Vortex-Antivortex 
Pairs,”  Hans  P.  Fredricksen,  M.  Levy,  M.  Ashkin  and  J.  R.  Gavaler, 
Contributed  paper  presented  at  the  International  Conf.  on  Low 
Dimensional  Conductors,  Boulder,  Colorado,  August  1981. 
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48.  "Superconducting  Quenching  of  Piezoelectric  Induced  Surface  Have 
Attenuation,"  H.  P.  Fredricksen,  M.  Levy  and  .1 .  R.  Gavaler,  Contri¬ 
buted  paper  presented  at  16th  International  Low  Temp.  Phys .  Conf. 
(LT-16)  Los  Angeles,  CA,  August  1981. 

49.  "The  Effect  of  Laser  and  Electron  Annealing  on  the  Critical  Current 
Density  of  NbjGe,"  A.  I.  Braginski,  J.  R.  Gavaler,  J.  Greggi, 

R.  C.  Kuznicki,  M.  D.  Nahemow,  B.  R.  Appleton.  C.  W.  Hhite  and 
J.  V..  Williams,  Contributed  paper  presented  at  the  CEC-1CMC  Corf, 
San  Diego,  CA,  August  1981. 

50.  "End  Effects  on  the  Loss  for  Short  Filamentary  Superconductors," 

W.  J .  Carr,  Jr.,  Contributed  paper  presented  at  the  CEC-1CMC  Conf.. 
San  Diego,  CA,  August  1981. 

51.  "Chemical  Vapor  Deposition  of  Superconductors,"  A.  I .  Braginski . 
Invited  paper  presented  at  the  VIII  International  CVD  Conference, 
Goutieux,  France,  September  1981. 

52.  "Superconducting  Critical  Temperatures  of  A15  Structure  Y-Si," 

J.  R.  Gavaler,  A.  I.  Braginski,  A.  S.  Manocha,  B.  R.  Appleton, 

C.  W.  White  and  J.  M.  Williams,  Contributed  paper  presented  at  the 
Material  Research  Conf.,  Boston,  MA,  November  1981. 

53.  "Pulsed  F lec t ron - Beam  Annealing  of  Nb-Ge  Films,"  A  .  I  .  Braginski, 

J.  Greggi,  M.  A.  Janocko  and  0.  Meyer,  APS  Spring  Meeting  Dallas, 
Texas  (March,  1982)  . 

54.  "Effect  of  Strain  'n  the  Critical  Current  of  Sputtered  NbN  rilms," 
J.  W.  Ekin,  J.  R.  Gavaler  and  J.  Greggi,  APS  Spring  Meeting  Dallas, 
Texas  (March,  1982). 

55.  "The  Effect  of  Oxygen  on  the  Low  Temperature  Growth  of  the  High-T 
A15  Superconductors,"  J.  R,  Gavaler,  A.  I.  Braginski,  M.  A.  Janocko 
and  A.  S.  Manocha,  presented  at  the  4th  Conf.  on  Superconduct i v i tv 
in  d-  and  f-Band  Metals,  Karlsruhe,  ERG  (June,  1982). 

56.  "Properties  of  NbN  Films  Crystallized  from  the  Amorphous  State,” 

J.  R.  Gavaler,  J.  Greggi,  R.  Kilmer  and  J.  K.  Ekin,  Appl .  Supcrcon. 
Conf.,  Knoxville,  TV  (November,  1982). 


26 


5" .  "Or  is  in  of  440  Kilogauss  Upper  Critical  field  in  NbN  film,"  M.  Ashkin, 
R .  Cavaler,  .1.  dreggi  and  M.  Decroux,  Material  Research  Society 
'loot  ing,  Boston,  MA  (November,  1982). 

58.  "Role  of  Intermediate  Oxide  Phases  in  the  Formation  of  A15  Supercon¬ 
ducting  film,”  .1.  R.  Cavalcr,  A .  I ,  Drag i nsk i ,  M.  A.  Janocko, 

A.  S.  Manocha,  W.  Schauer  and  F.  Kuchner,  Material  Research  Society 
Meeting,  Boston,  MA  (November,  19821. 

59.  "Ultrasonic  Attenuation  Determination  of  Superconducting  Fnergy  Cap 
Anomclies  in  Thin  Films  of  NbN,"  11,  P.  Fredricksen.  M.  Levy, 

M.  Tachiki,  M.  Ashkin  and  J.  R.  Cavaler,  contributed  paper  1 1:1:1: 
Ultrasonic  Symposium  (October,  1982)  San  Diego,  C A. 

60.  "Discussions  on  the  Role  of  Oxygen  in  the  Growth  of  A15  Superconduc¬ 
tors,"  A.  1 .  Brag  inski ,  NATO  School  on  Advances  in  Superconductivity, 
Price,  Italy  (July,  1982). 
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8.  PATENTS  AND  INVENTIONS 


"A  High-T  Multifilamentarv  Superconducting  Composite  Conductor  with 
Superior  Mechanical  Properties,"  .J .  R.  Gavaler,  h'est  i  nghouse  Patent 
Disclosure  (June  2,  1982). 

"B1  Crystal  Structures  for  Application  in  Strain  Environments," 

.J.  K.  Ekin,  .J .  R.  Gavaler  and  .1.  Greggi,  Patent  Disclosure  submitted 
at  NBS  (by  JKE)  and  Kestinghouse  (by  ,1RG  and  Jt"' . 
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